Lophelia pertusa, for example, can be up to 8,000 y old and can provide habitat for more than 700 smaller species (2) . In contrast, there has been the sense that trawling on open mud bottoms has little or no impact on the resident species or at least that, because the smaller species have higher turnover rates, the recovery from trawling will be rapid (4) . In PNAS, however, Pusceddu et al. show that trawling on deep-sea muddy bottoms strongly alters the biochemical nature of the sediment and reduces the species diversity and abundance of meiofaunal organisms (animals ∼40-500 μm in size), and, in particular, the nematodes (5) .
As the fisheries of the continental shelves have become fully exploited (6), the search for commercially valuable species has moved off the continental shelf and onto the upper slope and offshore seamounts, resulting in depletion of deep-water stocks and also with consequences for benthic habitats (7). Deepsea trawl gear is large and heavy. The paired otter doors, which are metal plates pulled at an angle to the direction of movement of the ship and therefore act to spread the net, can weigh as much as 5 tons each. The bottom leading edge of the net, called the footrope, is armed with stainless steel bobbins or rollers and often rubber disks that are 30 cm or so in diameter, thus allowing the net to traverse rough bottom with minimal damage to the net. Large sediment plumes are generated by the turbulence created as the doors, ropes, and net are pulled across sandy or muddy bottoms at speeds up to 4 kn, and grooves are made in the sediment that can last for a very long time (8) (Fig. 1A) . Puig et al. (1) demonstrated that bottom muds resuspended by trawling activity along the upper continental slope could be transported over long distances, often going down canyons to deeper waters, simultaneously drastically reducing the bottom topography and habitat heterogeneity in the area where trawling was frequent.
The surficial layer of deep-sea marine sediment is composed of small (most commonly of 2-60 μm diameter) mineral grains loosely bound together by organic polymers (Fig. 1B) . In shallow water, organic matter input to the sediment surface can be the result of the direct deposition of plankton cells, settling of fecal material from animals feeding on phyto-and bacterio-plankton in the water column, or lateral movement of previously settled material due to slumping or storm wave redistribution (10) . Because the sediment surface is frequently shallower than the water column mixing depth, large numbers of organic particles come into contact with and are incorporated into the sediment. As the water depth increases, however, organic matter is more likely to be recycled in the water column, with a concomitant decrease in deposition of phytodetritus to the sediment surface (11) .
The organic matter at the sediment water interface is in the form organic-mineral flocs (Fig. 1B) that is readily colonized by microbes. The organic matrix and mineral grains support a microbial population in the range of 10 7-
10
9 cells per g of wet sediment. This "low density" fraction of the sediment has a very high nutritional content (12) and therefore is a valuable food source for the small macrofauna and meiofauna, such as nematodes, living at or near the sedimentwater interface. Because of its low density, the floc material is easily resuspended by the turbulence created by a passing trawl. As Pusceddu et al. show, repeated trawling in an area lowers the overall organic content of the surficial layer of the sediment, in effect reducing the food value of the sediment and thus the quality of the habitat. This reduction in habitat quality is reflected in reduced meiofauna abundance, biodiversity, and nematode species richness. Similar results are often seen in shallow water sites subject to frequent trawling (13, 14) .
The study by Pusceddu et al. demonstrates that deep-sea trawling can have a significant impact on species that are not large or necessarily long-lived but that are quite common and diverse in deep-sea sediments (15) . These small species directly depend on the input of phytodetrital flocs for their nutritional needs. Trawling resuspends and disperses the flocculent material, so food quality of the sediment after trawling is always lower than before (16) . In shallow water, the nutritional quality of the sediment is being constantly replenished by deposition Pusceddu et al. show that trawling on deep-sea muddy bottoms strongly alters the biochemical nature of the sediment.
from water column plankton blooms or by in situ phytobenthos, so the phytopigment concentration can extend several centimeters below the sediment surface. In the deep sea, by contrast, the amount of food arriving at depth is reduced; thus, most deep-sea fauna is concentrated in the upper few centimeters of the sediment, as close to the sediment-water interface as possible. The microbes and metazoans quickly consume most of the deposited organic matter, allowing only a small fraction to be buried.
Trawling resuspends the upper flocculent layer of the sediment, removing the valuable food material. A major consequence of trawling then is that sedimentingesting organisms that resettle on a trawled site will be confronted with a substratum of much lower food quality.
It is well known that the abundance and biomass of small benthic animals, who feed on the relatively high quality organic matter, decreases with water depth (17) . This pattern is reflected in the data on abundance and biomass of meiofauna in the untrawled areas studied by Pusceddu et al. In contrast, their 500-m trawled site was very depauperate in meiofauna, having abundance and biomass values lower even than the 2,000-m site, suggesting that the repeated passage of bottom trawls created a nutrient-poor environment with conditions analogous to sites in much deeper water. This study demonstrates that the small animals of muddy sediments can be impacted by bottom trawling as much or more than the larger, more charismatic, deep-sea corals and sponges and that very likely no habitat will be immune to the impacts of deep-sea bottom trawling.
